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In a recent Nature paper, Hsiao et al., 2014 examine microbiota contribution during and after cholera and
identify commensals correlated with healing and reconstitution of the microbial community. One particular
species may use intercellular communication to stymie Vibrio cholerae pathogenesis, indicating how the
microbiota can restrict pathogens.Among the myriad of roles that the micro-
biome plays in maintaining human health,
one is to shield against invasion by patho-
gens. Resident bacteria provide coloniza-
tion resistance by outcompeting invaders
for niche space and resources. This has
been exemplified by the colonic bacterial
pathogen, Clostridium difficile, which is
able to flourish only when the normal
community structure is disrupted, typi-
cally after antibiotic treatment. Infection
can be blocked by colonization with
nonpathogenic strains and can be cured
via transplantation of a healthy microbial
community (Seekatz and Young, 2014).
Likewise, the collective gene pool of the
gut microbiota results in a diversity of
metabolites that can influence both the
host and other bacteria. For example,
bacteriocins are toxins produced by
certain gut bacteria that can inhibit the
growth of invading pathogens, while other
microbiota-produced metabolites such
as short chain fatty acids have diverse
effects on both host and invading bacteria
that combine to combat infection. Long-
term nonpathogenic members of the
microbiota can maintain symbiotic rela-
tionships with their human hosts, serving
to ‘‘train’’ the host immune system, result-
ing in protective responses against patho-
gens (Belkaid and Hand, 2014).
Cholera, an acute dehydrating diarrhea
caused by the bacterium Vibrio cholerae,
has figured prominently in the history
of infectious diseases and remains a
major cause of morbidity and mortality
worldwide, both in areas where it is
endemic as well as during epidemics
such as the 2007 outbreak in Haiti. In a
recent Nature paper, Hsiao et al. (2014)
track the bacterial composition from
seven cholera patient stool samples over
the entire course of illness and three
months into recovery—long enough forthe disrupted microbiota to reconstitute.
Cholera is presumed to cause large-scale
changes in the gut microbiota through
induction of the characteristic profuse
watery diarrhea known as ‘‘rice water
stool.’’ Hsiao et al. (2014) confirm that
during acute infection, V. cholerae consti-
tutes over 50% of the bacterial burden in
stool samples from cholera patients.
Other highly represented taxa found
during acute disease were negatively
correlated with a healthy composition of
the gut microbiota, using healthy adults
as a point of reference. The microbiota
recovers from diarrhea in tandem with
the host. Interestingly, the microbial
compositional changes during recovery
parallel the normal assembly and devel-
opment of the gut microbiota of healthy
Bangladeshi infants, as reported in a
previous study by the same group (Subra-
manian et al., 2014). This prior study
identified a set of 60 ‘‘age discriminatory’’
bacterial taxa that correlated withmatura-
tion of the gut. Of these, 31 were present
in the microbiota of adults recovering
from cholera, and 27 were significantly
associated with recovery.
To further understand how gut flora
affects V. cholerae infection, the authors
examined microbiota-pathogen inter-
actions using the germ-free mouse
model. Animal models of cholera have
been explored for decades, where suck-
ling mice or rabbits studies were used
to identify many major virulence deter-
minants, some of which have confirmed
significance in human volunteer studies
(Klose, 2000). While gnotobiotic mice
have also been used to study V. cholerae
host-pathogen interactions, Hsiao et al.
(2014) use this model to study bacterial-
bacterial interactions in the gut. Taking
advantage of the ability to control the
bacterial content of germ-free mice,Cell Host & Microbe 16, NHsiao et al. (2014) colonized animals
with an artificial microbiota representative
of the set of recovery and maturation-
associated microbes identified in human
cholera patients and healthy infants. This
artificial bacterial community was either
allowed to establish or was coadminis-
tered with V. cholerae, and commensal
responses to invasion were monitored
by shotgun metagenomics, microbial
RNA sequencing (RNA-seq), and fecal
metabolomics. This artificial community
significantly reduced V. cholerae coloni-
zation. The authors were able to attribute
a significant portion of this protective
effect to one particular species, Rumino-
coccus obeum. Monocolonization with
R. obeum was found to restrict sub-
sequent V. cholerae colonization, and
artificial bacterial communities lacking
R. obeum were less able to block
V. cholerae colonization. Additionally,
administration of R. obeum following
1 week of V. cholerae colonization re-
sulted in significantly greater reduction
in V. cholerae burden.
To characterize the nature of this
colonization resistance, the authors
questioned the ability of the resident
gut bacteria to communicate with
V. cholerae. This cell-cell communication
is known as quorum sensing (QS) and oc-
curs when bacteria are able to detect
interspecies or intraspecies signals,
called autoinducers (AIs), and coordinate
population-level activities accordingly.
V. cholerae utilizes QS to coordinate
many attributes of its lifecycle, including
repression of its virulence program (Zhu
et al., 2002). A putative R. obeum QS
system, the LuxS-based AI-2 signaling
system, was identified based on RNA-
seq during infection, with transcripts
encoding the AI-2 synthase increasing
with the burden of V. cholerae. Whenovember 12, 2014 ª2014 Elsevier Inc. 549
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Figure 1. Protective Strategies of the Gut Microbiome against Invading Pathogens
The human gut microbiome is refractory to invasion by pathogens due to contributions from both resident
flora and host immune activity. The microbiota can also repress virulence of a pathogenic bacterium
by interspecies cell-cell signaling. In response to V. cholerae infection, R. obeum harbors a QS system
to produce AI-2, a universal AI signaling molecule that V. cholerae also produces. When sufficient con-
centrations of AI-2 have been reached, V. cholerae responds by activating its own QS, leading to
repress virulence factor expression. AI-2 produced from R. obeum may confuse V. cholerae, resulting
in prematured QS-mediated virulence repression and decreased colonization in the gut.
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Previewsthis QS system was expressed in E. coli,
the resulting bacterial were able to block
V. cholerae virulence induction as well as
reduce colonization in gnotobiotic mice.
AI-2, a furanosyl borate diester, is widely
produced in many Gram-negative and
-positive bacteria and has been proposed
as a ‘‘universal language’’ used in bacte-
rial communication (Chen et al., 2002).
The production of AI-2 by R. obeum in
response to infection may prematurely
induce V. cholerae QS, thus reducing
its virulence (summarized in Figure 1).
Interestingly, Hsiao et al. (2014) found
that this AI-2-mediated colonization
resistance did not act through the canon-550 Cell Host & Microbe 16, November 12, 20ical V. cholerae QS regulatory networks
but may instead act through a down-
stream pathway. This finding shows
how commensal bacteria can employ
interspecies cell-cell communication to
interfere with colonization by a pathogen.
We now appreciate that bacteria are
not lonely cells, and they can communi-
cate with one another in diverse ways.
Studies using defined communities in
gnotobiotic animals, such as the one
conducted by Hsiao et al. (2014), offer
a chance to eavesdrop into the signals
being passed between our commensal
microbial tenants and pathogenic in-
truders. This study provides an example14 ª2014 Elsevier Inc.of how gut resident bacteria can protect
the host by reducing the pathogenicity of
invading organisms, rather than simply
competing for resources. Further work
should be done to understand the role of
R. obeum and other QS-competent bac-
teria relating to infection with V. cholerae
and other pathogens. A prospective study
of cholera patients may allow for better
understanding of whether R. obeum
carriage or AI-2 expression potentially re-
sults in altered outcomes to V. cholerae
exposure. The use of this bacterium or
exogenous AI molecules may also be
explored as a therapeutic option. Consid-
ering the diversity of the gut microbiome,
it is likely that bacteria communicate
with one another as well as pathogens
frequently and that more study into this
area will allow us to better understand
how this signaling can be used to promote
both health and recovery.
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